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J uec. y, 1974 
Sept. 9, 1980 
Aov. i!7. 19/4 
Nov. 15. 19/4 
April 17. 1975 
Sept. ?4. 1976 

rSept. lb, 1976 
May 6. 1976 
May 12. 1976 
.^urte 3. 1976 
viune 14, 1976 
Feb. 23, 1977 
Harch 15. 1970 
June 17, 1976 

tApril 5, 1977 
t 
Sept, 8, 1981 
can. 4, 1978 
Jan.3. 1978 
Jan. 6, 1976 

9 June 11, 1976 
July 19, 1976 
Harch 17, 1976 

^Hay 21. 1976 
Jan. 30, 197^ 

VApril 22. 1975 
6 Feb. 3, 1975 
hkDec. 20, 1974 
June 12. 1981 
June 12. I98L 

/ 

From; 

Mi I es Lah 
H Liebrich/ISHH 
M. Sever 
C. MenWlSBH 
J. Ellis/Attorney 
R.P. Dove/ISBH 
G. (loyle/ISBH 
R. Raney/Elkhart Truth 
C.H. Hiraes Jr. 
C.H. Hinies Jr. 
1). Laiun/iSBH 
0. Lainm/ISBH 
U. Laiom/ISBH 
J. Larniii/iSBH 
M. Paynter/Health Comm. 
P. RUDTelt 
K. Fenner/US EPA 
11. Lamru/ISBH 
J. Kiny/ISBH 
K. Uove/ISBH 
i). Lainm/ISBH 
C. Hiiiies Jr. 
R. Hove/ISBN 
1). Lainm/ISBH 
W. Campbell/Elkhcrt 
U. Hert/ISBH 
F. Breck«nridye/Niles 
P. Francis/Miles 
Himco Waste Away 
Earthiiovers Inc. 

Purpqsje; 

Extension ot closure 
Complaint ot contamination 
Mites Experimental Landftll 
Water analysis 
Contami nati on-Mi seman 
Earthmovers Waste 
Wastes at Himco 
Himco 
Panel discussion on landfills 
Medical wastes 
ISBH inacti'/ity 
Contami nat i an/Study 
G. Menae conversation 
Hospital waste disposal 
Rumtelt response 
List of wastes 
Investigation 
Response rur MACOG ineetlny 
Response tor MACOG meetiny 
Classify Calciuir Sulfate 
Waste disposal 
Oeniol ition material 
Investigation 
Information on wastes 
Calcium Suluhate 
EKperimantal landfill 
Experimental landfill 
Experimental landfill 
Waste at Earthmovers 
Waste at Earthmovers 

9. 1977 Keith Harrison 
MHWS (Notification ot Hazardous Waste Site) 
Report: Regional Ground Water Prnbleins Nov. 
Report: Hydrological and Cheinical Evaluation of the Groundwater Resources of Northwest 

Elkhart County, Indiana - Indiana dept. of Natural Resources 
Newspaper Articles - Elkhart Truth 
Elkhart Ground Water Study - Mater Analysis 
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INPIANA DEPARTMENT or ENVJRONMENTAL MANAGEMENT 
J 00 NORTH SSNATje AVENME 

P.O. BO* 6015 
INDIANAPOLIS, INDIANA 46206-6015 

Date: / / 

/XT/^r 
Fax#: 

-4^ 7/ 
CompaDy^ivisioD: Tclqjbooe #: 

// 
From: Telepbone #: 

Fax#: 

Oflicc/'BraBcJi/Seclion; Nmnber of Pages (inctodiDg cover): 

IDEM LocatiOD 
Indiiina Govemmcnl Center North 

FaxNnniber 
Area Code 13171 

Confirm Number 
Area Code (317) 

CommissiaDcr's Office 
Fnfrtrrement 
Land Quality 
Land Quality 
Water Quality 
Air Quality 
Legal Counsel 
Media A Comoniiiicatioits 
Office of Ivigmt., Budget, & Admin. 
Infbnnation Ted^ology 
PurchasiDg 
Office of Pollution Prevention 

233-6647 
233-5968 
232-3403 '> 
234-0428 
233-5968 
232-8406 
233-3967 
233-5517 
232-8564 
232-5539 
233-6276 
.233-5627 

232-8162 
233-5529 
232-4473 
233-2570 
233.5S29 
232-8670 
233-0178 ^ 
232-8753 
232-8560 
232-8180 
232-0764 
233-5434 

Western Select ProtnieTties Area Code 1317) Area Code (317) 
DrinkiDE Water 
Water-Assessment 
Watcr-Dxinking Water Compliance 
Air Quality 
Land OuaJitv Conqiliance Branch 

308-3339 
308-3219 
308-3340 
308-3239 
308-3063 

308-3280 
308-3176 
308-3282 
308-3236 
308-3017 

ReKional OffiL-cs 
Norlliwest Office 
North Central Office 
Southwest Office 

MeitiUville, IN 
SouiL Bcud, IN 
Petersburg, IN 

(219)757-0267 
(574)215 1877 
(812)380-2304 

(219)757-0265 
(574)245^870 
(812)380-2305 
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MILES LABORATORIES, INC. 
ELKHART, INDIANA 46514 

FAX ^HO. 317 234 0428 ?. 02/23 

'•'^r 

MARSCHALL D 

DEC 2 31974 
illlllAKA STATE BOAIlO OF HEALTH 
SANlTAilYENillHEEIIIIUIB11flS:<i 

VISION r ()., 

December 20, 1974 
PHONE: 219 264-87:6 

TWX: 610 2ei4-9f<lf> 
CABLE: MiLESUABS ELK 

Mrs. Chris Menze 
Solid Vaate Management 
Division of Stream Pollution Control Board 

Dear Mrs. Menze, 

To confirm our phone conversations of December 19 and 20 on the leaching 
study of calcium sulfate, I shall write this memo. 

In the original leaching studies on calcium sulfate of November 20, 1974, 
that WAS submitted to your office, there was a question on the low pH of the 
filtrate. We used deionized water for that study which had a low pH of 4,60. 
We used this water to leach the calcium sulfate because of its high purity 
and then If anything was leached out of the calcium sulfate we could analyze 
for the impurities caused by the cslcium sulfate. Unfortunately, we did not 
realize pH would he one of your important concerns. If you will notice in 
the leaching studiec after the flrot fraction of water hod gone through the 
calcixM sulfate, the second and third fractions of the pH was practically 
the oamc aa the pH of the water going into the calcium sulfate. 

Your concern of the pn of the filtrate made us wonder and we rechecked 
our deionized water again today and still got a pH of 4.60. We then checked 
diatllled water at different locations In our company and found It to be 
below 6 so we again did the leaching study using our own tap water which has 
a pH of 8. 

Tlilb leaching study was carried out on the calcium sulfate produced. In 
production on this date as per the original procedure. This ia referred to 
below as wet calclim sulfate. A duplicate test was rup on, a portion of the 
same calcium sulfate aft^r it had been repulped in the manner that all the 
calcium sulfate will be after March 1, 1975. Results of this teat la as 
follows: 
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Mrs. Chris Meaze 
Twu 

December 20, 1974 

Nr-

Sample 

First 200 ml of 
water Through 

Sample 

50 gms CaSo^ from Plaat (wet) 3.16 

50 gms of Xepulped CaSo^ 7.41 

Water Dsed in Teat 7.98 

Second 200 ml of 
water Through 

Sample 

6.24 

7.45 

8.02 

Third 200 ml of 
Water Through 

Sample 

7.65 

7.49 

8.04 

PDF/Bjn 

cc: F. Breckenridge 
E. Uarrgerlak 
0. Wegrlch 
E. Yeaglay, Jr. 
C. Whistler 

Manager. Process & Quality Control 
Citric Manufacturing 

'•ir-i 
I. ' 
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2, 04/23 

MILES LABORATORIES, INC. 
FIKHftRT. INQIANA fi S 1 4 

SliCiJVi© 
2 £13 .ny/5 

iBIQUNAMAiE BOARD arm 
SAWTARY aBWEjaNfi BMfiJil 

FRANKI.IM ? aRpr.KFNBirvjF 
rinuP AQ^SAUS: HlLCaLADS 

TCLeiii 

February 3, 1975 

Mrs. Chris Menze 
Public Health Sanitarian 
Division of Sanitary Engineering 
Indiana State Board of Health 
1330 Woet Michigan Street 
Indianapolic, Indiana 46206 

I?e; Miles baboratories, Inc. 

Dear Mrs. Menze: 

As you will recall# Miles has previously filed a letter 
wiLli your office# requesting permission for the alter
native use of two parcels of land for the diopocal of 
ualciuia sulfate only. Application was made to the City 
ol ElXlmrt Health and Sanitation Commission for a permit 
for this purpose. 

Pursuant to our previous cunversaLions on this subject, 
ftnelosftd please find a copy ul tlie permit which was 
grant.pd at the January 24, 1975 meeting of the Ileal^ 
and Sanitation commission. Also, enolosed please find 
a copy of a previovi.e! letter issued by the plaiining direc
tor for the City of Elkhart. 

This letter will also confirm our meeting of February 11, 
1975, at 1 p.m. to discuss this matter. 

If you have any further questions or needed any addi
tional assistance, please call on me. 

Very truly yours 

Franklin E. Breckenridge 

FEB/pc 
cuiC. L. Whistler 
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v_- ! Y OK ELKh' RT. INDIANA. 
I^LAN COM" ^SGIQN 

DAWll'.i r. HAVES MITCH SEVER, A,I 
Miiynr plmuo-

Movf-ini:iPr 71. J.9 7 4 

TO IT MAY COMOIMTO ; 

PTipprlry is prssenLly. aoncd M 1, and ,i,n our pcciliiiiiiiaLy 

invos tiy.') Ci on of LYTO 7,or:iiig Oc'd in^inca tl'ic p.L WjV't; i; Ly cou.ld l^e 

uvjod for land fi ,l .1. cpern'-j.on i .1" -i.L inuL till oy'icr appl .t Crll > le 

rorjiiiroRudiLa ,- liowovi';J;, iii tiij i ty.i: y .1.aiidf 1.1 l.n r.vrG noC pO.'illittod 

in M- .1. 

Mi Cell Sovey, 
Director 

v;i 
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April 22, 1975 
Milee lAboratori«B} Inc. 
1127 Stroet 
Kltehart, Indiana 

Gentlemen: 

Se: Issuance of Constraction Plan Bsrmlt 
fur Miles Si^orlBental industrial 
landfill, SLkhart County 

You are hereby notified that the Stream BoUutioc Control Board of 
tne state or maiana has, this 2200 day of April, 1975» approved the plans 
and speclficstiona for the above-referenced industrial lanifUH project 
vhlch contains appro^Elaately BO acres located within the s& i', sw of 
Section 2$, I.SStt., R.4E.» Elkhart County. 

The trench method of aanltary landfill operation is proposed. The 
maximum depth of excavation will be .four feet, !Qie calcium sulfate will 
be contacted in 6-incb layers to total thickness of 3 feet* A weekly 
cover of six inches of soil will be applied. 

You are hereby Issued constraction plan permit number 5W I69 for the 
subject site with the following conditions: 

1. That only calcium sulfate be deposited at this site. 

2. That at no time may calcium sulfhte be deposited into water. 

That monltorine wells be Installed and tested on a quarterly basis 
as described in tbe/pplaas and specifications submitted on March 12, 
1975 (copy eijfiloSRd), 

k. That in the event any of the monitoring wells do show an appreciable 
Increase of calcim or sulfate levels approaching ̂ lic HSalth 
Service Drlnkljie Mater Standards, Miles Laboratories, ]ne., vlll 
cease disposal operations and undertake co^eetlve action* 

5. That a mixture of sand and tqpsoil may be used as weekly cover, 
with the final cover to oonsist of at least two feat of clay soil. 

Vary truly yovufs. 

Oral E. Bert 
JRBaker/ajh Technical Secretary 
Approval Kb. £W I69 
cc: iSkhait County Health Department 

Elkhart County ^Lan Conmisslon 
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IXt 1976 

Mr, S. K. Htftfcriak 
MLIBI LaiboMtoriAip lae. 
lanriroaaBat^ CCtttrol Dtvlaloft 
Blkbart^ InAt^nm ii63lU 

Umax Mr. Ktft0«rliikt 

B»f AanuMtttttMl 1fMt« OUyoaal 
Slttait e«aBty 

Ail viU ceaflra jaar telaphaa* cuammiiim of JttM 7» 1976, 
with a«a>s« OUvar Af tkU offlOA A«Be«r«lac tlM ^siiflMtiAA of 
phuMCMctloaX Mat#! ouxin^ Wlag luAflilaA* Aa UaeviMd, bgr 
raViAAtlas A fOAliiAtlVA MUL q«w»tdt«t&rA «AA3arsl«, tra ItttArAstAd 
lA tba BtMia of tto oHwiftil eoMfonttda md qnMntitiei af MCM. Vltk this 
iafAKBAtlAtt vA will bA «blA to AvalMiA ih» ialUrAAt dAMMtva IwrolvAd in 
tbiir handUag and dispeaal. 

Alttoagh tMi aT^de did not apaelflcaU^ srdBt addltlaonl titte» va 
will agMA to a tlaiA aictaanioia of an additdmial 00 daya • 

Wa bepA tnia will clairUy aur ra<ivaa« for IMiia phaiwaaaaaioal jUfovnatiaa, 
If yad lunra any viaatioaa eaiitaet tkt flaUd Waata MwagaMW* Baetln at 
AC 317/633-6I1OO. 

Taiy tnUy jrcntfa* 

Darld 0. Lam^ dating CUaf 
BdUd Vaata MaBagaaadt fiaetiaa 
Siaiaiatt or Baiita^ agiaaariag 

eet Nr. OtarXaa Hlaaa 
Ukhart Camty Haalth Oapartaant 
Slkkart Caonty Cevnlaaianara 



JAN-Ob-200b WED Oy.' Jb AM iDhn ULW 
rriA NU; ill ^in 

October 7, 197^ 
f. UO/cO 

Mr. Richard llerron 
301 W. Franklin 
Elkhart, Ind. 46514 

Dear Mr. Herron: 

Enclosed you will find a report of rny findings to date on case of 
Himco Landfill and Associates correspondence. 

As you can see, this report covers many analyses which, in my opinion, 
fix the well pollution as originating from the landfill. I was not 
able to specifically find citric acid in the samples. This would not 
be likely to be found as this item is washed at the plant.. I do believe 
that enough evidence exists to affirm that constituents that originate 
at Miles Laboratories have found their way into water supplies. 

I believe a list of what is hauled out of the companies by the scavenger 
would be helpful. 

After you have read this report, I would like to discusis its sfgnificance 
with you to decide on the future course. 

Sincerely, 

Gilbert D. Elenbogen 
.8909 KHPatrick Ave. 
Skokie, IL. 60076 

...i 
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On Septerter 17, 1976, I obtained water samples from tne wens or ' 

Rumsfeld, Wiesman 6.,d Kolanowski located at Elkhar; Ind, During ny 

visit to these residences, I observed the landfill area operated by 
Himco Landfill Co. It is understood that the landfill had been a marsh, 

and was covered with approximately 15 ft. of fill. -The soil appeared 

to be sand, and examination of the well surveys indicated that the land 
is sand and gravel at the levels under concern. 

General observations of the landfill indicated that a white powder 

was being plowed into the fill (later found to be calcium sulfate). The 

powder was estimated to be about 250 ft. to the Wiesman well and about 
75 feet from the Rumsfeld property line. 

Several items sighted oh the landfill are products.that are.produced . 

or raw materials used at local companies or institutions. These included: 

Nair - Whitehall Pharmacy Hematest ifl46 1048056 
A copper test solution SO cc plastic syringe 
Primatene Preparation H 
Oristan enema bags 
Sudden Beauty Clinitest (Ames) 
Bactine 

The condition of the fill was such that surface water run-off occurred 
in the direction of the residences in question. A sample of run-off water 
was taken from a fissure approximately 8" across and several inches deep. 

Samples were taken from homes in question, including present and past water 

supplies..._Samp^ taken after running pumps for 15 minutes . Theisamples .,, 

•• "werie' cbll^c-tedMn:Tlean/liter;^ottles-for chemical anai^^is ,'"cc. plastic2;^: 

bottles for metals and in clean sterile bottles for bacteriological analysis. 

The samples were placed in a cooled ice chest and kept at refrigerated temper
atures prior to analysis. 

aii» 
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Samples taken were as fpllows; 

' 1. Rumsfeld well 25ft. 
2. Wiesrran well 40 ft. 
3. Wtesman kitchen 180 ft. (approx.) 
4. Kolanowski 25 ft. 
5. Run-off from landfill 
6. City water 
7. Rumsfeld 60 ft. 

The appearance of the water from wells 1, 2, and 7 ranged from 

tan to dark brown All contained sediment. The sample from the Wiesman well 

(sample 2) collected in a 3 gal. container,formed an oily scum after settling 

for 15 minutes. 

An examination of the homes of Rumsfeld, Wiesman and Kolanowski revealed 

excessive corrosion in utilities that come in contact with water. Corrosion 

of shower stalls, sinks, clothes washers and humidifiers was obvious. A 

reddish material occupying 3-4 liters in volume was settled on the bottom 

of the Kolanowski humidifier. This material was found to be largely iron salt. 

The corrosive condition did not appear in other facilities using Elkhart, 

Ind. water. 

'-• •Analysis of the samples appears'in Table I (attached). ^ -

1. the results of the table indicate that Ca, Mg, iron, organic matter 

as indicated by COD, organic N, TVS, appear in the shallow wells in 

unnatural amounts. The omounts of these materials would not occur 

from the natural water table as indicated by deeper wells and other 

local water sources, but are a result of contaminants. 

The COD in well 2 is 5x that of raw sewage. The organic N and 

volatile solids also Indicate an organic contamination. 
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2. Constituents found in the run-off sample are found in the wells 

(samples 2-4(6) and, inf act, the concentration of these constituents 

In the well (COD, Fe, Ca, Mg) are a function of the concentration in 

the run-off sample. 

3. Constituents in the run-off sample of the landfill are constituents 

that are hauled to the landfill - Ca from calcium sulfate, Hg, Fe, 

and organic matter. Tfie correlation of the run-off and well analysis 

indicate that constituents in the run-off enter the wells. 

" 4. While it would be apparent that many of the items in the lancfiii 

would occur in low concentrations in the wells and make analysis 

difficult and expensive, it can be assumed and concluded that as long 

as ar\y constituent placed on the fill appears in the run-off and wells, 

then aro' other item that is placed in the landfill can also appear in 

the wells. The amounts of any material that enter the well from the 

landfill will be a function of its concentration and solubility. 

Materials found in wells that can be shown to have originated from the landfill 

are also products used or produced by some local company. ... 

39 .Xalcium sulfate, for example, is..a.by-prQduct of citric, a'cid production.-

- In this process, the Ca salt citric "acTd fSTiroducBd-, which in turn is 

neutralized with sulfuric acid. This is found in the fill and wells, 

b. Iron salts are often used in the citric acid process to stop fermen

tation. Large amounts of iron are found in the run-off and wells. 

c. Magnesium salts are used or produced by Whitehall Pharmaceutical Co. 

This Is found In excessive amounts in run-off and wells, 

d. The organicmatter in the concentrations found could likely 
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be a result of the fermentation broth,and a carbohydrate test 

was positive and could well be from the dextrose and fermentation, 

e. The colifornis found, while not extremely high, would not be unexpected 

with the condition of the landfill. Such coliforms might be expected 

to originate from such materials as used enema bags. 

f: The biological oxygen demand (BOD) is high for well water, but 

low as compared to the COD. This would "indicate a non-biodegrad

able rwterial is present or a chemical toxic to the organisms acting 

upon the biological material. 

In order to^ dctcrmino whd;her the discrepancy between the BOD and COD was a 

result of a substance toxic to the organisms or non-biodsgradable organic matter, 

a portion of sample # 2 and #S were added to raw sewage in ISf concentrations. 

That was the concentration used for the original DOD test. The BOD of the raw 

sewage samples were: 190 - 145 - llO. Wlien la: of sample #2 was added to theso 

samples of raw sewage and 12 of sample f5 to the other set of raw sewage, in each 

case the BOD was found to be 0. Thus It could be established that a substance- --

•toxic .to nonnal_.grpw«T of organisms appear^ in the r.u"-off ̂ nd welts.~ - " : — 

SUMMART: In summary, the initial investigation indicates and could be accepted 

without a douht to those versed in the science that: 

a. Materials in the landfill have entered the water supplies of Rumsfeld, Wies-

man and Kolanowski. 

b. The physical damage to the plumbing Is a result of , or at least has been 

accelerated by the contaminants in the water supply. 
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c. The quality of this water Is of such poor quality that it is below 

effluent standards for treated sewage. The water Is not only below 

drinking water standards, but could not be acceptable for use for 

priinary contact water, i.e. swimming. This water would not support 

fish life. Evidence of a toxic substance in the water has been 

shown. 

d. Constituents in the water could cause adverse physioloQical effects 

upon humans. 

e. It can be stated that the products on the landfill which have 

contaminated water supplies are the same as those that have 

originated from several pharmaceutical companies, such as, Miles 

Laboratories and Whitehall Pharmaceutical Co. It can also be 

assumed by any scientist familiar with water engineering that 

any soluble item placed in the landfill in reasonable quantities 

will eventually enter the wells. 
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December i9Yt3 

W, Hi chard Herron 
301 West Franklin Street 
Elkhart, Indiana 

Dear Richard, 

This letter is te confirm «ur decision that 
If a settlement cannot be reached in your meetine 
en January 4, 1977, at 11:00 a.m. eur suit will. oe. 
filed en Friday, .January V, 1977. 

V/e feel we hsve given Whitehall Lahorateries 
more than enough time to dlacucc settlement in this 
matter. If there are any fruthRr poatpohements in 
this meeting, suit will be filed without delay. 

Very truly yeuro. 

Warren S, Wiseman 

Patricia A. Wiaeroan, 

He'iTnan C. Riinfelt 

Patrlcitt C. Ruml'elt . 

James K. Kelanowskl 

Helen J. Kelnnowslri 
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W RICHARD HERBON 
ATTORNEY AT LAW 

301 WEST FRANKLIN STREET 
TELCRHCNe 29A-1 £ I 6 

ELKHART, INDIANA 46514 AREACOOESO 

All^U-lt 2, 1570 

Thornburc, McClll, D>:3a.hl, 
IN'\rr»'iaji, Cnrtiy s Murray 
Attorneys at Low 
3C5 First National Dark 3lc!<7. 
Elkhart, InJiana 46514 

Attentior.; Mr» John R. Nnrman 

In RC! Mitiar.usn « RuwCclt - Elkhart Oonoral Kocpit.il 

Dear John: • • - , 

Thank you for your letter of July 30, 1976, advoeat.Ln.Y 
til© poBitior. that jliDco is an independent contractor, disposii-.^ 
of waste products of tlkhart General Hospital, relieves tlkhitrt 
General Hospital of any responsibility to r.y clients. I roust 
disagree with your position, and would refer you to tlie fir.dii-.^is 
of the following cases: Scott Construction Cor.pany vs. Cobb-
(Ind. 1928) 159 I;K 736} StSwarfva'; Uuft (ind. i93s) 14 FTITTi 322? 
Donneau vs, Indiana i Kicnigaii fclectrrc Conipany (Inu. 1971) 277 

8: Kale vs. "Peabody Coal Cor»pany, ~crndIS76} 343 iiS- 2c'. 31o; 
R) Shannon vs. Missouri Valley IiXmestone Company (1963) 122 liii 2d 27S, 

I believe you will find tnat these cases state that cr.a 
who employs an independent contractor to do work is liable for tr.o 
acts of such contractor where the uork will cr»jate a nuisanct. 
I believe that under the circumstances in this case, tne hospital 
was disposing of dangerous harardous waste, was familiar with 
where".it. was. being dumped, and cpasoqututly is rccpcrstbla, -. i:,.. 

• - • • ElVJhart"-General Hospital will be considered a-pris«.i-y 
dofondfint in this case, and jointly liable with all other per sens. 
In causing or maintaining the nuisance in question. 

If you would li)ce to discuss this matter further, will 
you please call mc. 

Thank you for your oonsideranion. 

Very, truly; 

WRC./Plg 
OCT Kerman Rumfelt 

Warren Wiseman 

W. Richard Herron 



JAN-05-2006 WED 09:40 AM m\ OLQ 

ni g NDIANA STAT& 
FAX NO. 91Y 294 U428 

/'t'sTAiY^ 

li5L<«'5i '©S; INDIANAPOIJS 

t'. 1 

Si ATE BOARD OF HEALTH 

Af« EQCAL Ori'OkTliNrTY EMPUJYER 

• I r— 'ir 'gf ii-Y^ Ti-n 
Ailttrau krply to; 

Indlani Stale Boaril of Health 
i iiO Wnt Michiijait StTr<>r 

InJiuiapolis, IN 46206 

January 14, 1977 

Mr. Herman Rumfe-lt-"A—-
R. R. 6, Box 377 
2SS69-C.R. 10 " -
Elkhart, Indiana 46S14 

Dear Mr, Rmnfelt: 

Re: Pharmaceutical Waste Investigation 
Elkhart County 

We wish to inform you that, we have completed our investigation -
concerning the (types and quantities of pharmaceutical wastes deposited 
at the Hiiuco disposal site on C.R. 10 and the Nappanee by-pass. 

^ / \ The review by uur staff, of the (information submitted,/has concluded 
that these wastes should not be considered toxic or hazardous for land
fill disposal in the quaaitlties indicated. 

• if' 

If there are any questions, please fed free to contact this office. 
A Vei^'truly 

GO/sjk 

Department 
Elkhart County Commissioners 

David 1). Lamm, Acting Chief 
Solid Waste Management Section 
nivisipi3^0f„!5§Oitary Engineering 

J, Crt 
\ -i.Ji 

P C>.uLrtc 

t • 
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2r..-.bara Ccun'iy Hsalth Capartsccnt 
21liai% County Con&isnicncra 
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Dolid Wa.sto MoAagc-ant Section 
Dlvialcn of Sanitaiy ta^jincerins 
AC 317/i33-^^i^ 
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April i, 1977 

TO: Jlon, Oris R. Bowen, ?1. D, 
Covemor, Slate rtf Inrfiana 

FRO.".: VilllATTi T. ?n>'nter, M. C., 
State Health.Conniasloner 

SUBJECT: Response to Mre. Patricia Runafelc'a Letter 
of JIarch 1, 1977 

The staff of the Solid Waste T'anager'.erit Section has e?;nended 
Ccneldej:-uble tin\e ah(J eftort invfesfigating the coraplalntE and .seapllng 
Surface and groundwater in the area of the Himco Disposal site. We 
believe that the beat response we can nalie is to cite a brief history of 
the altuation. 

1. Tne open dunp was initially icentiflad nn August 2^, 1971. 
Ceneral refuse and pharmaceutical wastes (aspirin, B^lne) 
were deposited in a svp.wpy ares^northwaet of the inceroection 
of County Road 10 aco' the Kappanee bypass.' 

2. Several inspections were conducted in 1971 through 197A to 
bring che cite Into coapliance wlcL current standards. 

3. Oi> April IS, 1974, « representative took water sanples of 
surface water BE well as five of six residential wells adjacent 
to the laudllll. The ueiiB are said to be shallow driven 
v;fills ranging from 62 feet to 22 feet in depth. No reference 
wcb made of the sanitary conetruction cf these wella prior to 
sampling. 

4. Dn April 26, 1974, we received letters front Vr.s. Ritrsfalt and 
three other individuals conceminp odorous, cloudy water in 
their private wells. This was confirmed to b® true. 

5. Before the water sample rpstlng vaa completod, our office 
recQcmended that Mr. Charles Rimes, che ou-ner and operator of 
the dieposal sire, prp^'ide odditional veils for the alx affected 
residents. 

6. Vater psmple results from the A-pril 18, 1974, sampllnj show 
th<> shallow veils to be high in cliemical oxyger cer.and and 
osnganeae. Surface water was shown to be grossly contsrnir.ated. 

/'I 
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7. On ^ovesber 14, 197i, tl.rce additional wells were saapled 
which were loco'.ed vithln one-quarter rrj.lc from the site. 
Tbev were found to be hl^h in nancanese (.60 ppm) contenr. 

S. '•'ithin a tvn-ucck period between Kay 2, 1974, and Vay 14, 
1974 , Mr, Hines had wells drll3«'d for the six resldtnis 
adjacent to the landfill: 

a. h'arrer. Wlaecan - R.R. df^. Box 379, C.P.. dlO 
b, Ansel R. Eluell - R.P., i»6, hox 378, C.R. ?10 
t. Robert B. VThltmer - R.R. f6, Box 3S0, C.R. ^10 
d. llercan Rumsfelt - R.P.. ^6, Box 377 , C.R. flO 
e. Itoble L. Bowers - R.R. )»6, Bar. 382, C.R. •''10 
f. Janes K. KolBnosH - R.R. ?6, Box 381, C.R. jflO 

Tliese wells were all "152 feet deep or batter throuph a clay 
bariler which should Isolate the n u aoulfcr. Two of these 
wells equalled or ellshtly exceeded the recpmendcd public 
heolth service drinking water standard for iron (0.3 ppc and 
0.7 ppm). 

9. Due to the nnor reulorlcal chgracterlstics, on July 2, 1974, 
cur office reoue.sted that the eJre ctase operatlor, by Decesher 31, 
1974. This was later extended tc >iarch 1 , 1975 , aV^hleh dim 
only inert aaterlal.'» and calcivm oulfate would be deposited. 

10. On February 18, 1975, a consent B.niectnent was signed by Kr. Charles 
nines, and auooted by the Strentc Felluticn Concrel Boaid. by 
September 25, 1975, a nietw landfill was to have been establleher 
and the old one closed. 

11. Tvater sei-.iples of the deep wells were ar.nln tahen ou Kay 16, 
1975, and all six so--plea were satisfactory. 

12. Our llearlnp Ccmis^iloncr advised us that the Consent Order 
could be verballv extended until Decemhar I, 1973. Mr. !!ln:es 
was notified of this dcclFlon. Tne operation x«-as allowed to 
continue until September 27, 1976, pending toninp tppeol ^nd 
new site prepsrationa, 

13. On October 25, 1976, VB received a copy of private welt water 
sawple results fron the six shpllov wells .of the above individuals. 
Only T'arren trisesan's nrw deep veil was sampled. The-Tesults 
were eatlsfactor; as in the prevloue testing. 

14. An Inspection on September 17, 1976, revealed that refuse is 
no lonpor deposited at this site, final cover (f^'o feet), 
grading, and seeding, had net been cecpleted. 

/) 
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Vc ui Lh ^:rB. ?(u!tsfelt In that the Bha]lc5v veil vater ID 
oi-Jectlcr.fible le drink. This opinion Ig based prlr.arily upon chfc off 
celor and Lhe odor of the well water. Cher.ical samples indicate a high 
COD.and manganese ccnrent. AJ a result, Hlnico, Inc., provldpH deep 
veils for these Individuals which ntr..- supply safe water to their hooes. 
/. sample of one deep well was supplied to us or nrtober 21, 1976, vhlch 
Indicates chat the water is eclll satlsfactorj'. The Pumsfelts, tlic 
I'iscmane, the Kolanoskls are nov sutnn Hl:nco,, Inc., and several othtr 
individuals to recover prevflous damages, Tneir requests for water 
samples oiay be for use as court evldenca in proving their afjlegaclons of 
leachata contamination. < 

The City of Elkhart has requested that the U.S. ncologlcal 
Sur%'ey conduct an a»rtenslvc ground water sampling program at two locations 
within the county. They are concemec whether the Hlmco Plspcsal and an | 
indiisrrlal dlepeool elte in the casterr area of the county are causing 
proundvater contai::ineclon and, if so, hou will they affect the municipal 
UBII, The I'.C. Ceuloglcal Survey la scheduled to undertake this prelect ) 
in the spring. ' 

.i.ttBchrjcnt 
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National Prioritiec List 
Supsr'und haiardous wflste titc lisietj under the 
Co.Tpr^hansiv-c Environmeniaj Response, Compensation, and Liability Act (CERCLAl a.s amended in 1986 

HIMOD, INC., DUMP 
Elkhai-L, Indiana 

The HLnico, Inc., Dump covers aoproxiinatelv 40 acres at County Road in and 
the Napanee Extension in the Town' of Elkhart, Elkhart Countv, Indiana. The 
privately own-cd oitG operated between 1R60 and September 1976. A inarshv area 
was excavated to a depth of 10 to ?0 feet, and qeneral refuse and medical and 
pharmaceutical waate-s wens buried In the cesultinq hole. Tndu.strial waste may 
also have been landfilLed, according to the company and a report preoared bv 
the Indiana Department of Natural Resources and the. Elkhart Water Works. The 
owner statc-d that in the mid-1960s he received a permit from the city to accent 
municipal waste fruii northwest Elkhart County. 

During an inspection in July 1984, EPA observed several strecana of leachate. 
The landfill was about 18 feet above the oriqinal qround level at. t.hp center, 
-slcipiiy to 5 feet at the edges. Much of the landfill was covered with sand. 
Isolated spot.s of stressed vegetation were visible. .Sulfur odors were strong. 

EPA detected cobalt, selenium,'beryllium, cadmium, conopr, manganese, and 
other metals in monitoring wells dbwngradient of the site. The results corro
borated analyses of residential wells conducted in 1974 bv the state, which 
Showed high manganese levels. 

In 1974, the State Health Commissioner advised the owner to drill deep 
wells to replace six contaminated shallow residential wells, in T»7n, uhe 
owner signed a consent .Agreanent (adopted by the stream Pollution Control Board) 
that resulted in the closing of the dump in Septsnber 107«. 

The dump is located above a continuous portion of the shallow auulfer 
system that is the sole source of drinking water for the coimiiunitv. A conser
vative estimate is that- wells within .3 mileo of the aite serving 20,000 people 
may be affected. 

A 1980 hydrogeoioqic study of the area by the U.S. Geolcqical Survey led 
EPA to in.'?hal.l two interceptor wells to divert contcaninated ground water away 
from Elkhart's North Main street Well Field approximately 1.5 miles southeast 
of the .site. The interceptor wells have permits under the National Pollutant 
' ischatge Elimination System to discharge into nearby Christiana Creek. 

U.S. Env(ronm^»nra' • . n . 



United States Environmental Protection Agency 
Region V — 

77 West Jackson Boulevard 
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UVDIANA DEI'ARTMINT OF ENPV'IRONMENTAL MANAGEMENT 
100 NoRTn RFNATE WKSVS 

P.O. Box 6015 
INDIANAPni.i.s, iNTtiAHA 46206-6015 

Date: i / Vaxif: 

?/x?-£5?2-4^?7 7/ 
Conqpffliiytoivision: Telephtttc #; 

\ From; Telephone#: 
Fax#; 

Oflfice/Braflch/Section; Nuiiibci uTPuiies (inoJuding cover): 

IDEM LoMtlob Fax Number Confirm Number 
Indiana Goverinnem Center North Area Code (3 J 7) Area Code (317) 

Commiscioner's Office 233-6647 232-8162 
Esforcement 233-5968 233-5529 
Land .Quality 232-3403 232-4473 
Land Quality 234-0428 233-2570 
WdtPT Qwality 233-3968 233-5529 
Air Quality 232-8406 232-8670 
Legal Gnunael 233-5967 233-0178 s 
Media & Comnronicaiioiis 233-5517 232-8753 
Office of Mgmt.. Budget, & Admin 232-8364 232-8560 
Infonnation Technology 232-5539 232-8180 
Purchasinc 233-6276 232-0764 
Office of Pollution Prevention . ,233-5627 233-5434 

Wr.^pin Select Propintiee ArtoCodc(3l7) Area Code (317) 
Drinking Water 308-3339 308-3280 
Water-Asscssmciit 3QS 3219 308-317C 
Water-DiinkiDg Water Compliance 308-3340 308-3282 
Air Quality 308-3239 308 3236 
Land Quality Compliance Brtmch 308-3063 308-3017 

Rectional Offices 
Northwest Office MenriOviUe. IN (219)757-0267 (219)757-0265 
North Centra] OiBcc South Bend. IN (.574)244-4877 (574) 245-4870 
Southwest Office. Pctersbura. IN (812)380-2304 (812) 380-2305 
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Suasnary 
Final Proposal 

Industrial landfill Operation 

Miles Sxperiniental Industrial Landfill 
311thart county 

Description; Miles Laboratories, inc., of Elfchart, is proposing to operate 
on industrial disposal operetion for the disposal of calcium 
sulfate only. The site is located within the SE luj SW 
of Section 25, T38N., Rl+E., Elkhart County. The operation 
win be conducted on an experimental basis beginning with 
Parcel I which contains approximately 30 acres. The disposal 
of calcium sulfate win take place only as an alternative 
in the event the Hiraco Landfill or other approved disposal 
method is unavailable. The Miles plant has the need for 
disposal of 320 cubic yards of calcium sulfate per day. 
The site has proper zoning from the City of Elkhart. 

Owner: Miles Laboratories, Inc. 

Operating Procedures: The trench method of sanitary landfill operation is 
proposed. The maximcjin depth of exeavHti.on wll] he k fftet,. - -
The calcium sulfate will be compacted in 6-ineh layers to the 
total thieknesK of 3 feet.. A weekly cover of eix inches of 
soil will be applied. A final cover of one foot of soil will 
be applied. 

Recamnendatlons: It is recommended that the Board grant conotruction pion 
permit number SW 169 for the proposed experimental industrial 
landfill with the following conditions; 

1. That only calcium bulfaLe be deposlLed at this site. 

2. That at nc time may calcium sulfate be deposited into 
water. 

3. That monitoring wells be installed and tested on a 
quarterly basis as described in the plans and specifications, 
submitted on March 12, 1975 (copy enclosed). 

That in the event any of the monitoring wells do shaw an 
appreciable InCEease of calcium or sulfate levels approaching 
Public Health Service Drinking Standards, Miles Laboratories, 
Inc. will cease disposal operations and undertake corrective 
action. 

5. Lqpsoil may be used as weekly 
cover, with the^BJ^eover to consist of at least two feet 
of clay BoIl. 

jRBakcr/mc 
V15/T5 
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Jaauazy 6, 1975 

VIA caagiPiBB mn. 

Sari tf. TMfilayi Jt. 
ABBociata deasral coimaai aaA 
Aaalitaat Saoratazy 

NUaa iaboratorlaa, lAo. 
Slkhart, ladlaaa ii69lU 

Oaar Mr. Taaglaor: 

Ba: Claaclfleatioa of Calalun Sulfata 

Ibla la la raapoasa to year lattar of Beoaabar 9i 197^» la wUeh a 
ratuaat vaa aaSa tor aaelasloa frcn fiasulatlfla 8K Ifi for tte oaloloa 
•ttlfata gaaarataA bgr your operatloa* 

tfe Save ravlaval both the laforoation racalvad la arlttaa form aad 
that which waa relayad through eoarenatloaa with rarleua repraaaatatlvaa 
of Mllaa Laboratoxlaap lac. fhla alao laaludai tha lataat laberatenr 
raaulta aa ahhalttad di Oeoai^r 20, 197^, by Mr. Phul B. fraaela, Naaagar, 
Proeaaa aad Quality CoutroX, Cltrle Itaaufaetarlag of Mllaa laboratorioa. 
Inc. la addltloa, wo hava coaaultad with aaabara of tha laboratozy ataff 
at the Stata Board of Haaltb. 

It la our datoradaatioa that tha oalalua sulfata «a gaaasnted froa 
your citric acid proeaaa ciuiBOt ba axeluiiad fras Bagulatioa BVC Ifi undar 
Chaptar IX, Saetlea 1. Xhls dealslaa la olao based la part ea iaforaatlgo 
which waa iBeludad la your report « Vto prepartlaa of ealeltm aulfata 
OS raealwad en SaaMri»ar $, V bur offiea. 

Tha aalttbili'^ of ealaiun sulfate warlas appraoiably with changes In 
pB aad other elaatrolytlo eeadltlcaa to wfaieh It la expoaad. Tha aoltibility 
is knowa to ioaraase substantially under addle ooadltlona Wbich axe often 
alailar to those found la laaehata geaarated frcn landfill eparatloea which 
dleposa of degradable wastes. Althovigh the lanetaate generated fron 
tha ealaiun sulfata aloaa nay aet ha daflnad aa harlag a teoclc effaet oa 
e groundwater eujifply, it nay serlcualy altar tba natural nleazml propartlas 
of that watar supply. Therafora, it io caaeutlal that ears be takan to 
aaaure that the cnleiun enlfhta la sot ezpoead to eoedltioM which would 
laereaae Ite aolubllity. 
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Sari w. Yaasl«y> Jr. Jaanaxy 1979 

Xt la feaaltla, bowrar, to oonsldar tbia aatariai to be atablo ir kapt 
naar aautral p H . Thla vould isclttto aapurmta dlapoaal fron orgaale 
vaataa* UBOar thaaa coadtttoaa, tlu aalelott sttlYattt abould ba leaat 
aolnbla. 

CQBdltl»8 ralatlva to dlapoaal of ealeium aulfata at tba Kiaaa 
aita ara: 

1. Diapoaal in dry araaa only. 

2. Saparata dlapoaal from daeompoaabla matariala. 

3. Rrotectloa from axtramaa of pR eaaaad by aatural or aaaaada 
Bourcaa* 

If you have amy duaatleaa, plaaaa refer tbea to the Solid Vaata 
Maaasaamat Saetiom at AC 317/633-4393< 

Very truly youra. 

Bblaad P. D0va» Acting Director 
Dlvlaloa of Sanitary SBglaearlag 
AC 317,633-^330 

CAM/me 
ae: Praaklia £. Braakinrldga» Attemay 

Mr. P. 0. Framelff Manager 
Proea8a<>QuAllty Comtrol 
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Earl W. Yeagley, Jr. 
Associate General Counsel 
and Assistant Secretary 

Miles Laboratories, Inc. 
Elkhart, Indiana 
219-264-8395 

December 9, 1974 

•• 

Mr. Roland Dove 
Stream Pollution Control Board 
1331 West Michigan Street 
Indianapolis, Indiana 

Re: Himco Waste-A-Way Servicp., Inc. 

Dear Mr. Dove: 

Miles Laboratories, Inc., an Indiana, corporation 
located at 1127 Myrtle Street, Elkhart, Indiana joins in 
the request of Himeo Waete-A-Way Service, Inc., for an 
extension of time to December 31, 1975, within wl\ich to 
discontinue Its existing sanitary landfill at County Road 10 
In Elkhart County, Indiana. 

There are a number of facts and circumstances 
respecting this matter which, we believe, will demonstrate 
that the continued, and proper, operation of this landfill 
for an interim period of up to an additional year ia in 
the best interests of the Elkhart cotmnunity, including 
Mllee Laboratoriee, and will not pose any potential threat 
to the health or envlronntent in the area. 

There are only two landfill operators of any 
signllicaiit capacity in the Elkhart community, ihose 
are the Elkhart County and Himco landfills. Of the 
two, Himco handles a substantially greater volume of 
waste than does the County. Quite naturally, the County 
does not have excess or surplus equipment standing idly 
by to handle a sudden surge in demand. We have been 
advised by the Superintendent of the County landfill that, 
if he were to attempt to handle the additional volume now 
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Mr. Roland Dove -2- December 9, 1974 

disposed of at the Hlmco fill, six (6) months would be 
required to procure the necessary equipment and to attain 
the capability to do so. We are further advised that the 
main County fill site presently has only about two (2) years 
of remaining capacity at its existing site. A vast incrpase 
in its inflow obviously would force the County to use up its 
capacity and move to another site at a much earlier date than 
presently anticipated. 

Quite apart from those limitations, there are 
other limitations reapectirig hours of operation of the 
County landfill that would inflict an impossible burden 
on various industrial operators, particularly Miles, if 
they were to attempt to conform to those hours. The 
County landfill is open only five (5) days a week and its 
hours are 8:00 A.M. to 5:00 P.M. G?e are advised that , 
these restricted hours were agreed to by the County in 
connection with settlement of litigation by neighbors 
who had opposed the initial location of the landfill in 
their neighborhood.) 

Miles, which employs approximately 2,500 
employees in Elkhart, operates seven (7) days a week, 
24 hours a day. Miles is the world's second largest 
producer of citric acid. Citric acid Is Utilized 
world wide, is an important food ingredient, and is used 
very heavily in the pharmaceutical industry. Calcium 
Sulphate is a by-product resulting from the process of 
manulacLuring citric acid. As such, the caicittm sulphate 
must be disposed of continually, as a part of the 
continuous operations of the citric acid plant. It 
normally is, and at the present time is, produced in the 
amount of 20 cubs, or 320 cubic yards, per day. 

The physical design of the Miles plant 
provides a carousel arrangement of nine (9) rotating 
tubs, each with a capacity of 16 cubic yards. Thus, 
it is apparent that the maximum time required to fill 
all tubs, without having disposal service, is only about 
ten (10) hours. Miles nnist have both continuous 
avaxiability of a place to dispose of the calcium sulphate 
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and Uaul-away service available for at least 14 hours 
each day, all seven (7) days of the week. Thus, you 
will appreciate that, for Miles, the County landfill -
with hours of only 8 to 5, five (5) days a week -
simply Is not a viable alternative, consistent with 
keeping its citric acid plant in operation. 

it is quite important, of course, to recognize 
the characteristics of calcium sulphate. Calcium sulphate 
occurs, commonly, in nature. The "White Cliffs of Dover" 
are a form of calcium sulphate, as are large dunes in 
Texas and New Mexico, gypsum and many other things. 
The calcium sulphate produced by Miles is non-toxic 
and inert. 

We note that SPCB Regulation 18 provides that 
"disposal sites and operations which receive only rooks, 
brick, concrete or earth," are excluded from the provision 
of that Regulation and, further, that other substanccc 
may be recognized also to be inert, under that Regulation. 
We request that; calcium sulphate produced by Miles be 
so recognized and classified under the Regulations. In 
support thereof, we attach documents showing; I. The 
various forms of calcium sulphate; II. Common definitions; 
III. Occurrences and properties; IV. Uses; V. The 
National Formulary specifications for food grade materials; 
VI. Chemical analysis and; VII. Leaching studies on 
calcium sulphate. 

This data will, we believe, demonstrate that the 
calcium sulphate should be recogiilzed as inert and, further, 
that the very substantial volume of calcium sulphate is both 
an acceptable and desirable addition to the wastes in the 
Hlmco landfill. 

As you know, the overwhelming majority of the ' 
wastes received by Himco consists of lumber, sawdust and 
other wastes from industrial and commercial enterprises. 
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The operation has been highly responsible; there are no 
vectors or odors evident; and the premises are orderly. 
Mr. Himes, with the support of Miles, has responded well 
to legitimate concerns of the area in the past and we 
know of no present community criticism of his operations. 
While it may be recognized that this site might not be 
chosen for a new general purpose landfill using present 
day standards, it is a fact that this landfill has been 
in operation for fourteen (14) years. It is also 
pertinent that there is only about one year of capacity 
remaining at this landfill - at which time it Timst be 
discontinued in any event and a new site must be operable 

Mr. Himes has been endeavoring to acquire 
a new site for relocation of his landfill operations. 
Assuming that he succeeds in that endeavor within a 
reasonable time, he then must process Che matter 
through local zoning procedures, accumulate the data 
for filing and processing a request for construction 
and operating permits through your office and accomplish 
the construction steps which are a pre-requisite to 
commencing operations at the new site. It would appear 
to he wholly realistic to anticipate that completion of 
these steps may, with all due diligence, reasonably 
consume all or moat of a year's time. 

Wc are confident that Himco can anc will 
operate its landfill in a manner not detrimental to 
the Elkhart community. PeruilLting Himco's landfill 
to continue to operate until December 31, 1975 - while 
a replacement site is readied - will avoid the harsh 
and, we believe, unwarranted economic consequences that 
a closing would impose upon Himco, and upon Miles. We 
Sincerely believe that the interests of Himco's many 
other industrial and local customers, and the interests 
of the entire community, would be substantially injured 
by a failure to allow time for an orderly trapsition, 
free of sharp disruptions. 
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You may be certain that Miles has a clear 
appreciation of the responsibilities and objectives 
of your office and would not request forbearance in 
this matter if it believed that any health hazard 
were imminent. Under the circumstances, it appears 
to Miles that the legitimate iiiLereats of your office 
and of Hlmco, Miles and the Elkhart community can all 
be reconciled and served by the continued and reasonable 
operations of the landfill for another year, We 
urgently request your approval of that course of action. 

MILES LABORATORIES, INC. 
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CALCIUM SULFATE 

I. Foma 

Comblnacions o£ calcium, sulfates, and water exist in several various forms: 

1. Anhydrous Calcium Sulfate (CaS04) 

The natural form of anhydrous calcium sulfate is known as the mineral 
anhydrltp. (karfltenire, muriacite. anhydrous sulfate of lime, anhydrous 
gypsum). 

2. Insoluble anhydrite (dead-burned gypsum) (CaSO^.) 

Has the same crystal structure as anhydrous calcium sulfate, but is obtained 
upon complete dehydration of gypaum at above. 

3. Soluble anhydrite (00604) 

Haa the aanie crystal structure as anhydrous calcium sulfate, but is ubtaiuWd 
by complete dehydration, of gypsum at below 300°C in an electric oven. 

4. Hemehydrate (CaS04 • 1/2 H2O) (dried calcium sulfate, plaster of paris, annelin, 
dried gypbuui. 

rormed by the addition of 6.67. H2O to the Soluble anhydrite through absorption, 

3. Dihydrate (CaS04 . 2 H20) (native calcium sulfate, precipitated calcium sulfate, 
gypsum, alabaster, seleniCe, terra alba, solenite, mineral white, satin spar, 
light spar.) 

Calcium sulfate is said to be actually capable of existence in at least nine 
different forms - two forms of the dihydrate (CaSQ4 * 2H20)j three forms of the 
hemehydrate (CaS0i4 • 1/2 H2O); and four forms of the anhydrous salt (00804).^^^ 
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II 

II» Comnoa Definitions -

Websters Collegiate Dictionary: 5th Edition: Gypsum: Mineral. Hydrous 
calcium sulphate, CaSO^*2H20.H, 2. Sp. Cr., 
2.31-2.32. Gypsum is used as a dressing for 
soils, for making plaster of paris, etc. 
-V.T. to treat with gypsum, as soil or water. 

Food Chemicals Codex 1st Edition: Calcium Sulfate (CaS0^'2H90): 
a fine, white to slightly yellow-white, odor
less powder. It is slightly soluble in water, 
but diaaolves In dilute hydrochloric acid 
solutions. 

The Condensed Chemical Dictionary - Fifth Edition 

Terra alba CaS04<2H20 Finely pulverized powder 
made Iruiu gypauia and used In the manufacture of 
paper, paints, artifical marble, and composition 
plastics. 

Gypsum caso^. *21120. A natural hydcaced calcium 
sulfate. 

The National Formulary Thirteen Edition - Calcium sulfate occurs as a 
fine, white to slightly yellow - white, odorless 
powder. 
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III. Occurrence, And Properties 

Qypsum. This material properly defined) is the natural mineral of calcium 
sulfate dihydrate, CaS04.2H20-sp gr., 2.31-2.33; Mohs hardness, 1.5-2. It is 
widely and abundantly distributed in nature and occurs in an interesting variety 
of forms, conditions, associations, and colors. In pure form, eypsum is snow-
white and occurs in stratified layers, doubtless of marine origin^ Either be
cause of varying conditions at tha time of precipitation or through recrystalli-
sation, the mineral occurs in various conditions from hard, solid rock to frag
mentary and granular forme. In eome depoeitc the rock ocours in easily friable 
masses of coarsely crystalline beds, which are appropriately called "sugar rock," 
Many dopooits yield the maseivc mineral through the body of which occur cryctalc 
of selenite (see below), these deposits being described as selenitic gypsum. Most 
deposits of gypsum occur closely associated with either strata or random occurrences 
of the mineral anhydrite, suggesting a question of the geological origin and the 
possible transformation of. one form into the other after deposition. • • # 
Gypsuui is widely distributed uver the earth aud is uouiuierclally ayailahle iu 
quantity in most industrial nations. More than one-third of the states in the U.S. 
have abundant resources, as reported in the Minerals Yearbuuk, 

The mineral occurs normally in horizontal strata or veins varying from a few 
inches to many feet in thickness. Open-pit or strip mining is employed for 
deposits near the surface; both slope and shaft mines are coanaon for deeper 
deposits. The importance of the mineral gypsum as a' source of almost all com
mercial foimts of calcium sulfate is shown by the fact that in 1962 there were 
approximately 68 gypsum plants in the U.S., distributed through 22 states and 
operating 16 underground mines, 54 open quarries, and a number of mine-quarry 
combinations. 

Gypsum dissolves in water to the maximum solubility of approximately 2.1 g/liter 
at about 40''C and has the lower solubility of approximately l.S at O'C and 1,9 
in the range of 70-90®C. The concentration varies erratically with traces of 
electrolytes and variations in pH and, preferably, should be determined experi
mentally for all systems other than pure water solutions. 

Alabaster, This is massive, densely crystalline, softly textured form of prac
tically pure gypsum. It is usually translucent and frequently tinted with beauti
fully variegated colors due, probably, in some cases, to optical effects In the 
crystalline mass and, in other cases, to traces of foreign materials. Several deposl 
in Colorado supply practically all of the alabaster used in the U.S. These deposits 
furnish the mineral in white and a variety of attractive color tints and blends. The 
mineral is taken from the mines with care in moderate to large lumps. 

Alabaster, being relatively soft yet dense and fine-textured, is easily worked by 
the carving knife and the saw, and_ nay be readily shaped by abrasive papers and 
polished to a fine smooth finish. 'Much of the shaping and finishing of alabaster 
is done while the stone is kept wet. Alabaster has been known and used for the 
carving of cruses, urns, and other small vessels, and for the making of images, 
statuary, and other art objects. Many ancient structures have been embellished by 
columns, porticoes, and other decorative finishes of alabaster. 
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SelenlLe. It Is a pure ̂ orm of gypsun crystallized la the tnocpclinic .system 
in the form of sheets or'plates that show a perfect and easy cleavage parallel 
to the plaae of crystallization. Sheets or slabs of selenite occur in sizes 
up to several feet In width and length, and these sheets, with characteristic 
oblique comers, break, down in paralielograins of similar proportions. Selenite 
crystals up to several Inches In thickness are completely transparent. Ihin 
sheets of selenite polarize light and are used In laboratory equipment for this 
purpose. Selenite does not have the elastic return of mica and, when once dis
torted, remains so. 

Satin Spar, This is another form of pure crystalline gypsum and is known as 
gypsum var. satin spar (not to be confused with calcite var, satin spar, CaCOg). 
The crystals are monpclinic and -in the form of parallel , threads. A mass of 
satin spar, therefore, resembles somewhat the common forms of asbestos and, in 
many cases, the threads can be picked or raveled out of the mass. In the more 
densely formed growths, satin spar is translucent and lends Itself readily to 
fabrication and polishing into trinkets and small art objects. Satin spar is ^ 
formed in seams, sutures, and faults in or near gypsum deposits by the precipita
tion from, or the evaporation of, ground water carrying the mineral in solution, 
it is, accordingly, sometimes called secondary gypsum. Formations of satin spar 
are frequently observed in abandoned mines and in the joints of masonry through 
which gypsiferous water reaches the open air. 

Axihydrite. ^e natural mineral form of anhydrous calcium sulfate is known as 
anhydrite; it has a sp gr of approximately 2.fi-2.9, aiid a MObs hardness of 
3*3.5. It is usually densely massive and frequently shows Tight tints nf enlnr 
as blue, pink, etc. Anhydrite has the satoe solubility in water as gypsum but does 
not rear.t replHly to form hydrates. It Is, accordingly, less valuable as a raw 
material when this property is desired. It can be used as a sulfate source for 
aiimtonlum sulfate. 

Cypsite. This is an earthy deposit at or near the surface of the ground and con
sists of finely crystalline gypsum mixed with loams, clays, sands, and humus; it 
ranges from 60 to'more than 90^ gypsum. These deposits are formed by the move
ment of ground water carrying gypsum in solution and the deposit of the mineral 
by evaporation at the surface, or ac windblown "lococo" from dlolntcgrating rock 
deposits. Surface beds or quarries of gypsite, chiefly in the southwestern states, 
have been worked in the production of plaster, structural tiles, etc, in the build
ing industry but, in. general, are at present of little commercial importance. 

Gypsum Sands, Enormous deposits of practically pure gypsum in the form of fine, 
white sands occur at various puluCu in Arli^oaa, hew Mexico; and Texas. Tliese 
sands, covering many thousands of acres in some deposits, appear as drifts and 
dunes and are UuubClebs Lhu result of evapuraLlun of gypsum-bearing water rising 
to the surface of the earth through seepage springs or by uniform movement over 
wide areas of land. This Is a natural result of the normal arid condition of the 
atmosphere in these regions. Practically without exception these deposits are 
contaminated with sodium sulfate to such an extent that they are valueless for 
structural of hydraulic purposes.(3) 
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IV 

IV. Uses 

Gypsum, as such, has only a feu major uses but these are important. In the 
manufacture of portland cement gypsum is a necessary ingredient .and is used to 
lengthen the time of setting of various cements and mortars to allow for de
positing and placing in forms. The "raw" gypsum is moved to the cement plants, 
usually in open cars, in the form of rock crushed to about; 1,5 in, and finer. 
Automatic machines charge the crushed gypsum into the flow of cooled clinker 
in the amount of 3-5% as the mixture goes to the grinding mills. 

In some foreign countries (as Gexmiany), gypsum has been used a source of lime, 
CaO, in the manufacture of Portland cement. This Involves the complete decomposi
tion of the gypsum at the temperature of the cement kiln and then recovery of 
sulfur trioxide, SO3, as a by-product. -

An Important large-scale use of gypsum is in the treatment of soils, particularly 
those used for leguminous crops and in the culture of peanuts. For this use the 
eypsun* (oT nccasinrtally anhydrite) iq finely ground and is known as "land plaster." 
Benjamin Franklin is credited with the introduction into the U.S. of this applica
tion as the result of his observations in France. Finely ground gypsum, when mived 
with manures, acts to stabilize the volatile and dissolved nitrogenous compounds, 
thus preventing their loss by volatilization and leaching. A major use In arid 
climates Is neutralization of "black alkali" soil by reaction with the alkali car
bonates that oauee this condition. 

As a stable, nontoKic, taotclcoa, odorlcoc, nonabracivc, practically chexoically 
inert powder, known as terra alba, gypsum Is used in paints, pharmaceuticals, paper 
filling, insecticide dusts, yeast manufacture, water treatment, and many other in
dustries. In brewing, it may be added to the water to lower the pH of the mash. 

Some Recent Developments in the Use of Gypsum. Low-grade nickel ore Is subjected 
to sulfide smelting by the addition of coal and gypsum in a continuous rever-
beratory furnace operated at 1300°^. The ore is crushed to 10 mm size. 

Calcium sulfate and coke are heated in an electric furnace to give calcium carbide, 
carbon dioxide, carbon niuiiuxide, and sulfur. The proportion of auliydrlte to coke 
is 1.4:0,6. 

Sulfuric acid is prepared by heating gypsum at 1200°C to produce sulfur trioxide. 
the required cemperature can be lowered to lOOCc by the addition of quartz and the 
velocity increased by the addition of sodium chloride and mosit air. A yield of 
99% SO3 Is reported. 

Ammonium sulfate is produced from calcium sulfate by reacting it with ammonia, 
carbon dioxide, and water. Calcium carbonate is produced as a by-product. 

Gypsum is added to opal or transpa'rent soda-lime or soda-potash-lime glasses 
as a cdloring agent. The combined sulfur is reduced by elemental silicon or 
aluminum to produce colors varying from ivory to amber. 

Porous polytetrafluoroethylene (Teflon) is made by mixing an aqueous dispersion 
of the polymer with plaster of Paris, pouring the mixture into a mold, and heating 
it until the polymer fuses. The plaster of Paris is then dissolved out, leaving 
a porous molded product. 
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For proper gel fornacion of certain food produces a source of calcium ions is 
required. Calcium salts used for this purpose include calcium citrate, calcium 
gluconate, calcium glycerophosphate, calcium hypophosphite, di- and tricalciun 
phosphates, and calcium sulfate. 

Water used in the brewing industry is often ̂ 'corrected" to a uniform mineral salt 
content that corresponds to water known to give the most satisfactory final product. 
A wide variety of salts are used for this purpose, including mono- and diammonium 
phosphate, calcium chloride, calcium hydroxide, calcium oxide, calcium dihydrogen 
phosphate, calcium sulfate, magnesium sulfate, potassium aluminum sulfate, potassium 
chloride, potassium sulfate, sodium bisulfate and mono-, dit, and txisodium phosphatef 
Some of these chemicals, in addition to standardizing the salt content, also control 
the acidity, thus providing uniform conditions for yeast fermantation. 

Ihree basic types of gypsum (calcium sulfate) derivatives provide the dental industry 
with the basis for a var^ty of useful materials, ^e versatility and usefulness of 
gypsum depend upon the ease, character, and reversibility with which the water of 
crystallization, and the attendant crystal form, can he altered. Fundamentally.' 
a partial dehydration from the dlhydrate form, CaS04*2H20, to the hemlhydrate form, 
CaS04«0.5H20. of calcium sulfate is achieved by heating. Ihe mode of applying the 
heat, and the conditions under which the partial dehydration occurs, alter the phy
sical characteristics of the resulting crystal and provide the three basic types of 
gypsum derivatives (plaster; Hydrocal (United States Gypsum Co.); Oensite (Certain-
Teed Products corp.); and low-consistency hydrocal). In use, the powdered calcium 
sulfate hemlhydrate, CaS04<>0.5H20, which has been formulated into a useful product, 
is mixed with a preRcribed quantity of water to form a .slurry. The partially de
hydrated calcium sulfate, CaS04<>0.5B20, will recomblne with the mixing water, and 
recry.stal.lxze, to sgain form the dlhydrate of calcium sulfate, CaS0^.2H20. The 
solution of the hemlhydrate, followed by the recrystalllzatlon of the dlhydrate, re
sults in a crystalline growth which solidifies the entire mix into a structurally 
strong and useful mass. 

The natural or unmodified hardening time for plaster of Paris is. in the range of 
5-120 min. However, this entire family of materials la subject to oonoldorablc 
modifications to adapt them for a variety of useful dental materials. 

Many of the newer therapeutic agents are of extreowly high potency, thereby re
quiring only fractions of a milligram per dose. In such cases, the tablet consists 
mainly of inert filler providing bulk so that a tablet of suitable size for ease of 
hanrlliag by the luajiufactarei, pUaruiaclsc, aud patieut can be mauufactured. Tiiese 
fillers or excipients may be lactose, mannitol, sucrose, calcium sulfate, calcium 
pliuspUuLe, or mlcrucrystalllne cellulose. In addition, utlier agents such as binders 
(tragacanth, acacia, starch paste, methylcellulose, etc), dlsintegrants (corn starch, 
alglnlc acid, mlcrocrystalllne cellulose), and lubricants (stearic acid, magnesium 
stearate, calcium stearate, Carbowax, and talcum) are usually added to the tablet 
formulation. 

Production of phosphoric acid by the wet process involves the steps of (1) dis
solving phosphate rock in sulfuric acid, (2) holding the acidulate slurry until 
the calcium sulfate crystals grow to adequate size, (3) separating the acid and 
calcium sulfate by filtration, and (4) concentrating the acid to the desired level. 
The reaction for the process used most extensively is as follows; 

Ci^],OF2(?04)6 + 10 H2SO4 + 20 H20-.^6 H3PO4 + 10 CaS04,2 H2O + 2 HF 
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The National Formulary - Thirteenth Edition 
V. Specifications For Food Grade Material 

Calcium Sulfate is anhydrous or contains tvo molecules of water of hydra
tion. When dried at 250" to constant weight, It contains not less than 
99,0 percent and not more than 101.0 percent of CaSO^. 

Description - Calcium Sulfate occurs as a fine, white to slightly yellow-
vhlte, odorless powder. 
Solubility - Calcium Sulfate dissolves in diluted hydrochloric acid. It 
13 slightly soluble in water. ^ 
Identificatlcn - Dissolve about 200 mg. of Calcium Sulfate hy uarming in 
a mixture of 4 ml. of diluted hydrochloric acid and 16 mli of water. This 
solution responds to the teats for Calclmn, and for Sulfate. 
Loss on Drylna - Dry Calcium Sulfate at 250® to constant weight; the 
anhydrous form loses not more rhan 1.^5 percent of its weight; the dihydratc 
loses not less than 19 percent and not more than 23 percent of its weight. 
Carbonate - Mix 1 g. nf Calcium Sulfate with 5 ml. of water, and odd s few 
drops of diluted hydrochloric acid: no effervescence occurs when the acid • 
Is added. 
ItOn - Dissolve 200 mg. of Calcium Sulfate and about 50 mg.^of ammonium 
persttTfafe in 10 ml. of diluted hydrochloric acid, dilute to 50 ml. with 
water, and mix. To this solution add 3 ml. of ammonium thlocyanate T.S., 
and mix thoroughly: the color obtained la no darker than tliat yroduuud 
In 50 ml. of a solution containing 140 mi^. of ferrous ammonium sulfate 
^equivalent ea 20 meg. of Fe) when treated in the same mamier (100 parts 
per million of Fe). 
Heavy netalc - Mix 2 g. of Calcium Sulfate with 20 ml. of water, add 25 ml. 
of diluted hydrochloric acid, and heat to boiling to dissolve the sample. 
Cool, and add stronger ammouia water to a pU of 7. Filter, evaporate to 
a volume of about 25 ml., and refliter if necessary to obtain a clear 
colutlon: the heavy luetalu limit for Calcl:iffl Sulfate la 10 parts per 
million. 
Assay - Dissolve about 300 mg. of calcium Sulfate, previously dried at 
250° to^constant weight and accurately weighed, in 100 ml. of water and 
4 ml. Ol diluted hydrochloric acid. While stirring, preferably with a mag
netic stirrer, titrate as follows: add about 30 ml. of 0.05M disodinm ethyl-
enedlamlnscetraacetate from a 50-ml. buret, then add 15 ml. of sodium hydroxide 
T.S. and 300 mg. of hydroxy naphthol bine, and continue the titration to a blue 
endpolnt. Each ml. bt 0.05 H dlsodiuin ethylenedlamlnetetraacetate la equiva
lent to 6.807 mg. of CaSO^. 
Fackaglng and storage - Preserve Calcium Sulfate in well-closed containers. 
Labeling - The label should indicate whether the Calcium Sulfate is anhydrous 
or the dlhydrate. 

Food Chemicals Codex - First Edition 
Specifications For Food Grade Material cont'd 

CaS0a.2H20 Calcium Sulfate 

Descrlptioi^ - A fine, white to slightly yeTlow-whlte, odorloss powder. It 
is slightly soluble in water, but dissolves in dilute hydrochloric acid 
solutions. 
Ideutificatlon - Dissolve about 200 mg. by warming with a mixture of 4 ml. 
of diluted hydrochloric acid T.S. and 16 wl» of waler. A whiuu precipitate 
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forms when 5 mli of ammonium oxalate T,S. is addeti to 10 ml. of the solu
tion. Upon the addition of barium chloride T.S. to the remaining 10 ml., 
a white precipitate forms which Is Insoluble In hydrochloric and nitric . 
acids. 
Specifications - Assay. Not less than 99 percent and not more than the 
aquivalene of 105 percent of CaS04.2H2^* 
Limits of Impurities - Arsenic (as As). Not more than 3 parts per million 
(0.0003 percent). 
Fluoride. Not more than 30 parts per million (0.003 percent). 
Heavy Metala (aa Tb). Not more than 10 parts per million (0*001 percent). 
Selenium. Not more than 30 parts per million (0.003 percent). 

TESTS 
Assay. DIBSUIVU about 350 mg., accurately weighed, In 100 ml. of water 
and 4 ml. of diluted hydrochloric acid T.S. VRille stirring, preferably with 
a magnetic stirrer, add about 30 ml. of 0.05 M di-sodium etbylenediaminetet-
raacetate from a SO-ml. buret, then add 15 ml. of sodium hydroxide T.S. and 
300 mg. of hydroxy napbcbol blue indicator, and continue the titration to 
a blue end-point. Each ml. of 0.05 M dosodium ehtylenediaminetetraacetate 
is equivalent to 8.609 mg. of 00804.2820• 
Arsenic. Mix 1 gram with ID ml. of water, add 12 ml. of diluted hydro
chloric acid T.S., and heat to boiling to dissolve the sample. Cool, filter, 
and dilute the filtrate to 35 ml. with water. This solution meets the re
quirements of the Arsenic Test. 
Fluoride. Neigh accurately 1.67 grams, and proceed as directed in the 
Fluoride Limit Test. 
Heavy metals. Mix 2 grams with 20 ml. of water, add 25 ml. of diluted 
hydrochloric acid T.S., and heat to boiling to dissolve the sample. Cool, 
and add ammonium hydroxide to a pB of 7. Filter, evaporate to a volume of 
about 25 mlr, and refliter if necessary to obtain a clear solution. This 
solution meets the requirements of the Heavy Metala Test, using -20 meg. of 
lead ion (Fb) in the control (Solution A). 
Selen;^. A solution of 2 grams in 40 ml. of dilute hydrochloric acid 
(1 in 2) meets the requirements of the Selenium Limit Test. 
Packaging and storage. Store in well-closed containers. 
Functional use in foods. Nutrient supplement; yeast food; dough condi
tioner; firming agent. 
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VI Page 9 

VI. Typical Analysis 

The process for convareing wet Celcium Sulfate cake to Food Grade CaSOj^.2H20 
is simply one of drying. The wet cake contains 24-29% free water. When dried, 
the typical anclyoia Ic ac followai 

Description 

PH 

Iron 

Heavy Metals 

Fluoride 

Selenium 

Assay 

Loss on Drying 

Identification 

Arsenic 

Carbonate 

Solubility 

White CO off white powder 

4.5 (3 20°C 

15.3 ppm 

* LT 10 ppm 

0.15 ppm 

99.81% 

19.7% 

Passes Test 

* LT 3 ppm 

Keg* 

Passes Test 

*LeB6 than 
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VII 

November 20, 197A 

LEACHING STUDIES ON CALCIUM SULFATE 

A leaching study was performed on both the wet calcium sulfate as .It now 
Is, and on repulped calcium sulfate, which will be representative of the calciun 
sulfate after March i, ly/b, at which time the calcium sulfate will be filtered 
then repulped in water and again filtered. Test design and results follow: 

Test Design 

Tap water was run through an IWT ion exchanger research model II available 
from Campbell Industrial Sales, P.O. Box 629, Carmel, Indiana. The deionizer 
fed a four spigot manifold with flow control valves at each spigot. 

50 grams each of wet calcium sulfate cake, repulped calcium sulfate cake, 
and a control of local soil, were placed in separate Whatman Cellulose Extraction 
Thimbles - single thickness - 33 x 94 mm. An empty thimble was used in the 
fourth unit as a blank. 

The daionized water was dripped into the thimbles at a rate of 200 ml/hour 
and collected for chemical analysis. Three 200 ml. extractions were collected 
for each sample. All cation results are by atonic absorption. The aliquot used 
was first concentrated by four, then acidified with HCl and analyzed. All other 
test procedures are explained with the data. All data is expressed - as is -
in the 200 ml. segment collected. All extractions done at ambient temperatures, 
approximately 72°F. 

drain 

Tap 
Water 

5 c 
"3. 
J n 

6— Soxhlet Extractors 



;-vJ 
JVJ 

TI III IV 

Wet Calcium Repulped Calcium Deioaized 
Sulfate Cake Sulfate Cake Elkhart Soil Water Used 

Test 1st 2nd 3rd 1st 2nd 3rd lot 2iid 3rd Ist 2nd 
-•o Clalcium ppiii 625 585 575 683 330 284 150 2.0 2.1 - 1.4 .23 

• \J 
«rr Ma(>neaiuiii ppm 1.4 .08 - .025 .065 .05 LT .02 1.2 1.0 .44 .22 .04 

SulCatr; ppmC-) 1504 1455 1306 960 636 662 20 10 LT 10 nes neg 
Irnri, ppni .4 IT. 05 LT.05 .2 Lr.05 LT .05 3.7 2.2 1.0 LT.05 LT.05 
Cc )r .11 .0; .10 .12 .10 .07 .15 .11 .06 .1 .1 
Zinc ppm .10 .01 .02 .11 .02 .01 • .06 .04 .01 .02 .003 
Chromium ppm LT.0Z5 LT.025 LT.025 [.T.025 Lr.025 LT.025 LT.025 Lr.025 LT.025 LT.025 LT,025 

Z> 
2: Aluininiim ppm LT.05 LT.05 • LT.05 IT. 05 IJ.05 - LT.05 1.2 .09 .25 .11 LT.05 
:< Silica ppm 1.5 .5 .5 .9 .8 1.0 5.1 4.0 4.1 3 2.1 
•JZ 
.1^ SorlLiim 6.4 0.6 .43 4.4 .8 .42 22 4.4 0.4 1.2 .40 

lEaneenese ppm C.9 LT.025 Lr.025 .05 .04 LT.025 .42 .11 ,05 LT.025 LT.025 
^folvh<^pn^Jm ppir r.T.05 I.T.05 LT.05 LT.35 LT.05 LT.05 LT.G5 LT.05 LT.05 LT.05 LT.G5 
Potassium opm 2.7 .27 .12 1.7 .24 .05 2.4 1.2 .51 .12 .025 
Chloride LTIO LT 10 LT 10 LT 10 LT 10 LT 10 LT 10 LT 10 LT 10 nes nea 
Total nissolvcd 

Solids(-^)ppm 1925 1983 1769 1253 889 907 125 iO 42 0 0 
pi) at 25°C J.30 4.71 4,87 3.31 4.44 5.00 6.42 6.74 6.62 4.60 4.60 
Total AcLdLLy(^ 10 ml 10 ml •10 ml LO ml 10 ml 10 itl 6 ml 10 ml 9 ml 10 ml 10 ml 

Normal NaOH 100 Bl 100 ml 100 ml LOO ml 100 ml 100 ml 100 ml 100 ml 100 ml too ml 100 ml 
Color 0.D. .05 .05 .05 .05 .05 .05 2.30 0.65 0.45 - -

sZ> C,' Acid 
Content LT.017. LT.01.7. LT.OU .T.Ol% LT.OIX LI. 017. LT.017. LT.01% LT.017. LT.01% LT.0r4 

-Tj Heavy MetalC6) LT3ppm LT3ppni UTJppm LTSppm LT3ppm LT3ppm LT3pinn LTSppm LT3ppin LT3ppm LTBppin 

3> 
2j> 

xJ 

AbbrevlaCionj: Lt ^ Lesa lhaa 

ro 
ID 
rvj 

I r> .:z> 
I 

•a: 
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ANALYTICAL PROCEDURES 

1. Siilfate 

50 mis. sample + 1 g. BaCl2. Filter through a ceighed crucible with 
asbestos mc|C. Rinse with methyl alcohol, dry at 105'^C for 2 hours. 
Record weighty gain as BaSO/,. 

(mg. BaSO^) x 0.412 = wt. SO4 50 mis. in mga. 
wt. SO4 in 50 mis. x 20 = ppm SO^ , 

2. Chloride 

(Volhard Method) Standard Methods for the Examination of Water, 
Sewerage and IndnstTial. Wastes, Tenth Edition, 
page 59. 

3. Total Dissolved Solids 

As above pg. 178 - Total Residue 

4. Total Acidity 

As above pg. 34 

5. Color 

Direct spectrophotometer reading at 420 mm vs. blank. 
Lumetron used, 19 uou louiuled curvette, 

6. Heavy Metals - U.S.P. XIII 
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